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FIELD OF THE INVENTION 


The present invention relates to cryosurgical catheters, and in 
particular to cryosurgical catheters articulated for bending. 

BACKGROUND OF THE INVENTION 

5 In the treatment of various medical conditions, it is sometimes 

beneficial to apply an extremely cold temperature at one or more selected, 
isolated locations in or near an organ in the patient's body. As an example, it 
can be beneficial in the treatment of cardiac arrhythmia to apply cryosurgical 
temperatures at selected locations in the patient's heart, to create localized 

10 areas of necrotic tissue. Similarly, it can be beneficial to apply extremely cold 
temperatures at selected locations in other organs, or in a vascular system of 
the patient. The application of extremely cold temperatures can be achieved 
by inserting a flexible cryosurgical catheter through a vascular system to the 
desired location. The flexible catheter can have a heat transfer element at or 

15 near its distal end. The heat transfer element can be cooled to a cryosurgical 
temperature and placed in contact with a selected area of biological tissue. 

The application of cold temperatures can be further enhanced by an 
apparatus with the ability to flex the tip of the cryosurgical catheter in a 
desired direction, to assist in guiding the catheter through a tortuous path to 

20 the selected location in or near a selected organ, or in a vascular system. 
Tissue targets within the body may be reached more easily if the catheter is 
made more flexible, and if the tip can deflect over a greater angle. 

In light of the above, it is an object of the present invention to provide a 
cryocatheter with a deflectable tip having sufficient flexibility to precisely 

25 position the tip within the vasculature of a patient in accordance with the 
procedural requirements of a selected surgical application. Another object of 
the present invention is to provide a cryocatheter with a deflectable tip that is 
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relatively easy to manufacture, is simple to use and is comparatively cost 
effective. 

SUMMARY OF THE INVENTION 

According to embodiments of the invention, a surgical device is 
5 provided for applying cold temperatures at locations within the human body, 
via minimally invasive techniques. More specifically, the device may comprise 
a deflectable catheter, passable through the larger blood vessels and cavities 
of the heart, having a distal tip which can be deflected by remotely located 
means. A portion of the catheter near the distal tip is necked down, such that 

10 it has a smaller outside diameter than the rest of the catheter. Bending of the 
catheter takes place at the portion with the smaller diameter, so that the 
bending radius of the catheter is reduced. 

Embodiments of the present invention include a cryogenically cooled 
apparatus for ablating tissue of a patient. The apparatus includes a handle 

15 portion, an elongated catheter extending distaliy from the handle, the 
elongated catheter being adapted to transmit a torque imparted by the handle, 
and a main shaft portion of the catheter having a substantially uniform 
diameter. The apparatus also includes a deflectable segment at the distal 
end of the main shaft, the deflectable segment having a minimum diameter 

20 that is smaller than the diameter of the main shaft, a tip portion disposed 
distaliy of the deflectable segment having a diameter greater than the 
minimum diameter, the tip portion defining an expansion chamber for 
refrigerant fluid and having a heat transfer surface in contact with the 
expansion chamber, a resilient component adapted to define a preferred 

25 plane of deflection of the deflectable segment, and an actuator connected to a 
distal portion of the elongated catheter, adapted to impart a curvature to the 
deflectable segment. 

In another embodiment, the invention is a catheter for surgical 
applications having a deflectable tip, the catheter including a main shaft 

30 portion having a substantially uniform diameter, a deflectable segment of the 
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catheter, the deflectable segment having a minimum diameter that is smaller 
than the diameter of the main shaft, a tip portion of the catheter disposed 
distally from the deflectable segment, a resilient component adapted to define 
a preferred plane of deflection of the deflectable segment, and an actuator 
5 linked to the tip portion of the elongated catheter, adapted to impart a 
curvature to the deflectable segment. 

In greater detail, according to the present invention, a cryocatheter has 
a deflectable tip that can be deflected in a plane through an angle that is 
substantially equal to 180°. Structurally, the distal aspect of the cryocatheter 

10 includes a main shaft portion having a substantially constant first diameter 
(di), a tip portion having a substantially same first diameter (d^, and a 
deflectable segment that interconnects the main shaft portion with the tip 
portion. A mid point in the deflectable segment that is midway between the tip 
portion and the main shaft portion, has a second diameter (d 2 ) that is less 

15 than said first diameter (di > d 2 ). Also, as indicated above, a resilient 
component is mounted in the deflectable segment that is shaped and adapted 
to define a preferred plane of deflection for the deflectable segment. 

Deflection of the catheter's tip portion is accomplished during the 
operation of the cryocatheter by an actuator. More specifically, the actuator is 

20 mounted on the handle and is connected through the main shaft to the tip 
portion. As envisioned for the present invention, manipulation of the actuator 
will cause the tip portion to move through a range of about 180°. This 
movement will be in the preferred plan of deflection, and will move the tip 
portion between a first configuration wherein the tip portion is substantially 

25 coaxial with the main shaft portion, and a second configuration wherein it is 
substantially parallel with the main shaft portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of this invention, as well as the invention itself, both 
as to its structure and its operation, will be best understood from the 
30 accompanying drawings, taken in conjunction with the accompanying 
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description, in which similar reference characters refer to similar parts, and in 
which: 

Figure 1 is a perspective view showing an embodiment of the 
cryoablation catheter according to the present invention; 
5 Figure 2 is a schematic cross sectional view showing a tip portion of 

the catheter according to an embodiment of the present invention; 

Figure 3 is a cross sectional view showing internal structures of a distal 
tip portion of the catheter according to an embodiment of the present 
invention; 

10 Figure 4 is a cross sectional view showing internal structures of a 

proximal tip portion of the catheter according to an embodiment of the present 
invention; 

Figure 5A is a plan view of the distal portion of the cryocatheter shown 
in its first configuration, with selected internal components shown in phantom 
1 5 for clarity; and 

Figure 5B is a plan view of the distal portion of the cryocatheter shown 
in its second configuration, with selected internal components shown in 
phantom for clarity. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The present invention may be further understood with reference to the 

following description and the appended drawings, wherein like elements are 
referred to with the same reference numerals. 

The cryoablation system according to exemplary embodiments of the 
present invention has a minimally invasive catheter having a deflectable tip. A 

25 remotely bendable section adjacent to the tip allows the tip to move between 
a neutral, substantially straight position (first configuration), and an angularly 
displaced position (second configuration). The remotely bendable section has 
a necked down portion, where the diameter of the catheter is smaller than the 
diameter at the tip and at portions proximate from the bendable section. Both 

30 configurations of the reduced diameter portion allow the catheter to achieve a 
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smaller bending radius than is possible if the diameter is larger. The 
configurations, as will be explained in greater detail below, maintain a 
sufficient inner diameter of the catheter such that there is little effect on the 
pressure of the refrigerant within the catheter. 
5 In one exemplary embodiment according to the present invention 

shown in Figure 1, the cryoablation device 100 is designed to apply extremely 
low temperatures to remote locations within the human body via minimally 
invasive techniques. More specifically, the deflectable catheter 102 of device 
100 may be introduced into the human heart through the larger blood vessels 

10 and cavities leading to the heart. The catheter 102 has a distal tip 110 that 
can be deflected by operating remotely located controls, preferably outside 
the patient, at a proximal end of the device 100. For example, actuating lever 
23 may be manipulated by an operator to deflect tip 110. The catheter 102 
includes a reduced diameter section 108 that forms part of a tubular 

15 deflectable segment 107 of catheter 102. Catheter 102 may also include 
internal flexible, multi-conduit vessels that carry a refrigerant fluid from a 
cryogenic unit (not shown in the drawings) that supplies the pressurized 
refrigerant to a tip 110 of the catheter 102. A quick disconnect coupling 105 
may be used to connect to the cryogenic unit. 

20 As will be described in detail below, the catheter 102 includes a tip 110 

with a cooling surface 122 that contacts and cools the tissue to be treated. 
The device 100 includes mechanisms to manipulate the curvature of the 
deflectable segment 107, and may also include mechanisms to retain a set 
curvature using a braking or locking mechanism. Structures in the catheter 

25 102 may be used to oppose the axial tension imparted by the deflection 
mechanism, to prevent snaking of catheter 102 when a tension is applied by 
the operator. The catheter 102 may include a mechanism to urge the 
deflectable segment 107 in a straight position when deflection forces are not 
applied, so that the catheter 102 remains in a neutral position unless the 

30 operator manipulates the deflection mechanism. In one exemplary 
embodiment according to the present invention, the conduits carrying 
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refrigerant to and from the tip 110 are disassociated from the deflection 
control mechanism, to reduce the need to hermetically seal the handle 104. 

The exemplary embodiment of the cryoablation catheter 102 according 
to the present invention achieves a large bending angle of the catheter 102, 
5 which may exceed 180 degrees, over a very small bending radius. This 
configuration allows catheter 102 to bend backwards over itself, and reach 
tissue targets in the patient's body that cannot be reached with conventional 
devices. The exemplary device also has a tip 110 that provides a large 
surface area for heat transfer, so that a large surface of tissue may be treated 

10 in one application of the tip 110. The large diameter of the tip 110 also 
provides a large expansion chamber 124 in which the pressurized refrigerant 
can expand and produce very low temperatures. 

The large diameter of catheter 102 in regions adjacent to the 
deflectable segment 107 allows for effective transfer of mechanical torque 

15 from the proximate handle 104 of the device 100 to the tip 110, and also 
minimizes the pressure drop of refrigerant fluid moving within catheter 102. In 
the exemplary embodiment shown in Figures 1 and 2, the distal tip 110 is a 
spherically closed hollow tube that may be cast, machined formed or molded 
from a material that is highly temperature conductive. In one exemplary 

20 embodiment, the material may be copper, and may be coated with a 
biocompatible material such as gold. 

A tip union 128 may be used to connect tip 110 to the rest of device 
100. Tip union 128 may be made, for example, of a weldable metal, 
preferably stainless steel. The tip 110 and tip union 128 are attached and 

25 hermetically sealed together, for example by soldering or brazing. A hole or 
slot 130 may be formed on the lateral wall of tip union 128 to permit passage 
of sensor wires. For example, electrical wires 132 may exit opening 130, or 
may extend into chamber 124 of tip 110. In one exemplary embodiment, two 
of the wires 132 may form a thermocouple of copper and constantan wires, to 

30 measure the temperature of cooling surface 122. Another one of wires 132 
may extend in tip 110 to measure physiological parameters, and may be, for 
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example, made of nickel. All or some of the wires may be coated with an 
insulating material, such as polyimide or polyamide. 

A capillary tube 120 may extend through the length of catheter 102, 
and may terminate with orifice 136 in chamber 124 of tip 110. In one 
5 embodiment, the capillary tube 120 has inner and outer diameters that are 
significantly smaller than the diameter of catheter 102. Orifice 136 is 
disposed axially, and at a distance from the inner surface of cooling surface 
122 that is selected to allow unrestricted expansion of refrigerant fluid in 
chamber 124. Capillary tube 120 extends proximally towards handle 104, and 

10 may become or may be attached to a high pressure refrigerant line 
connectable to the refrigeration unit through connector 105. The distal portion 
of capillary tube 120, orifice 136 and expansion chamber 124 form a 
liquid/gas phase change expander, capable of cooling surface 122 to a 
cryogenic temperature. 

15 In one embodiment, resilient component 140 is attached to an inside 

portion of catheter 102. Resilient component 140 may be assembled from a 
plurality of substantially flat metal wires 142, that have a rectangular cross 
section. Wires 142 may have a mass moment of inertia in one plane that is 
significantly higher than in other perpendicular planes. For example, the 

20 mass moment of inertia of wires 142 may be such that bending within the 
plane of Figure 2 is substantially unrestricted, but bending in the 
perpendicular planes is significantly resisted. In one exemplary embodiment, 
resilient component 140 extends proximally from near tip union 128 through 
deflectable segment 107. 

25 In one embodiment, wires 142 are not of equal length, and form a leaf 

spring having a base flat wire 143 slightly longer than the other wires. 
Additional flat wires have substantially identical cross sections, and may be 
stacked on the base flat wire 143 at the proximal end of resilient component 
140. The additional wires 142 have progressively shorter lengths, as shown 

30 in Figure 2. In one exemplary embodiment, each of the successive flat wires 
142 terminates approximately 1.5 cm before the end of the flat wire 
immediately below, giving the distal end of resilient component 140 a stepped 
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shape. The base wire 143 in this exemplary embodiment may be 
approximately 7 cm in length. The successive wires 142 may be selected to 
give a progressively increasing moment of inertia from the distal to the 
proximal end of resilient component 140, along the longitudinal direction. 
5 In the exemplary embodiment shown in Figures 1 and 2, the distal end 

of resilient component 140 may be attached by welding or bonding to the tip 
union 128. The proximal end may be welded or bonded to a shaft union 150 
that is disposed at the proximal end of deflectable segment 107. The 
resulting resilient component 140 has a substantially rectangular cross 

10 section, and acts as a spine through the flexible deflectable segment 107. In 
this manner the bending of deflectable segment 107 is not restricted in a 
selected plane, but is restricted in every other plane. 

Opposite to the resilient component 140, the exemplary embodiment 
shown in Figure 2 has a pull wire 134 that can apply a tension to the 

15 deflectable segment 107. Pull wire 134 may be attached, for example, to the 
tip union 128 at a location diametrically opposite to the resilient component 
140. Pull wire 134 may extend from tip union 128 to a tensioning mechanism 
controlled by lever 23 in handle 104, to allow an operator to remotely deflect 
tip 110. When a tension is applied to pull wire 134, a moment is effected on 

20 the flexible deflectable segment 107, causing deflection of the segment 107. 
When the tension is relieved, a restoring force applied by resilient component 
140 tends to straighten catheter 102 to its neutral shape. A lock 24 of 
conventional design may be used to immobilize lever 23, and retain tip 110 in 
a selected deflected position. 

25 Pull wire 134 may be attached to tip union 128 at a first circumferential 

position within catheter 102. Resilient component 140 may be attached to the 
inner surface of catheter 102 at a second circumferential position that is 
diametrically opposite to the first position. This configuration ensures that the 
bending force exerted by pull wire 134 is in the bending plane that is not 

30 restricted by the action of resilient component 140. 

An exemplary embodiment of the present invention may include a 
tubular compression spring that is designed to prevent compression of 


catheter 102, while at the same time allowing its bending. As shown in 
Figures 3 and 4, a spring 160 may be firmly attached to tip union 128 on the 
distal end, and to shaft union 150 on a proximal end. For example, spring 160 
may be attached by bonding, welding or soldering. In one exemplary 
5 embodiment, the spring 160 is formed of a flat tubular wire of rectangular 
cross section, having the narrower of the cross section rectangular 
dimensions directed radially from the center of the tubular shape, and the 
wider of the rectangular dimensions directed axially along the tubular spring 
160. In the embodiment shown in the drawings, the pitch of the spring 160 
10 may be selected to control bending in planes perpendicular to the catheter 
axis. 

In one exemplary embodiment, the spring 160 is formed of a proximal 
portion 162 having a higher pitch, meaning smaller gaps between the coils, 
and a distal portion 164 having a lower pitch. This configuration helps control 
15 bending of the catheter 102 in the desired plane, with a desired resistance to 
bending, since the coils of spring 160 act as ribs in deflectable segment 107. 
In an exemplary embodiment, the outer diameter of springs 160 may be 
smaller than the diameter of tip 110, depending on the desired bending radius 
of catheter 102. 

20 A shaft union 150 may be located adjacent to spring 160. In one 

exemplary embodiment, the shaft union 150 is formed of a thin walled 
cylindrical member, having a wall thickness of less than approximately 0.003 
in. The shaft union 150 may be welded or brazed to the proximal end of 
compression spring 160. A sheath union 170, shown in Figure 2, may be 

25 formed from a single lumen metal tube having an inner diameter at one end 
smaller than the inner diameter at the opposite end, with a stepped diameter 
in between. The end of sheath union 170 with the smaller diameter may be 
inserted into and fixed to an inner edge of shaft union 150, while the opposite 
end extends proximally from the shaft union 150. 

30 The various structures contained within deflectable segment 107, such 

as compression spring 160, resilient component 140 and pull wire 134, do not 
interfere with the shape of reduced diameter section 108. As described 
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above, the minimum diameter of reduced diameter section 108 is smaller than 
the diameter of the rest of catheter 102, specifically it is smaller than the 
diameter of tip 110 and of shaft union 150. The precise location of the 
minimum diameter can be optimized depending on the required performance 
5 of device 100, but will preferably be located between tip union 128 and shaft 
union 150. 

In the embodiment according to the invention shown in Figure 2, pull 
wire 134 extends from the tip union 128 towards the proximal end of catheter 
102, and passes through the lumen of sheath union 170 and through the 

10 passage defined by compression spring 160. The rectangular spine formed 
by resilient component 140 also extends into the shaft union 150, and may be 
firmly attached thereto. Sensor wires within wires 132 pass through 
compression spring 160 and then shaft union 150 before extending proximally 
towards the handle 104. Capillary tube 120 that carries high pressure 

15 refrigerant also passes through shaft union 150, while the low pressure 
refrigerant returning to the refrigeration unit may pass through the central 
lumen of compression spring 160, or any other area inside catheter 102 that is 
not taken up by other components. 

A sensor band 126 may be included near the tip 110 of catheter 102. 

20 Sensor band 126 may be made, for example, of platinum or other biologically 
inert material, and may be fused about a formed or molded polymer collar. In 
one exemplary embodiment, the polymer may be Pebax, and sensor band 
126 may be mounted approximately 2 mm from tip 110. Sensor band 126 
may be connected to one of wires 132 that passes through opening 130 in tip 

25 union 128 and may be used for example to sense ECG electrical impulses. 

A flexible jacket may be used to cover all the principal elements of 
catheter 102 in one exemplary embodiment of the invention. As shown in 
Figures 3 and 4, flexible jacket 180 may extend from the tip union 128 to shaft 
union 150. A combination of thermal fusion and adhesive bonding may be 

30 used to attach the jacket 180. Flexible jacket 180 may be a tube extruded 
from an elastomeric polymer, and may have a durometer and a modulus of 
elasticity that allows the material to bend significantly without incurring 
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permanent deformations or cold flow. Jacket 180 preferably may have 
sufficient wall thickness to maintain a circular cross section while bending, 
without buckling. For example, jacket 180 could resist buckling while bending 
180 degrees around a one half inch bending radius. In one embodiment, the 
5 jacket 180 has a length of about 5 cm. 

In one exemplary embodiment of the assembly process for the 
cryoablation device 100, jacket 180 initially has a diameter sufficient to easily 
pass over all elements of the catheter 102. Jacket 180 is then thermally 
shrunk and fused over the tip union 128, shaft union 150 and compression 

10 spring 160. Jacket 180 also follows the shape of reduced diameter section 
108, maintaining the shape of that necked region. The combination of jacket 
180 over compression spring 160 forms a composite structure that resists 
buckling during bending, but does not restrict bending excessively. The 
necking of the reduced diameter section 108 permits bending over a very tight 

15 bending radius. An hermetically sealed cavity extending from the tip union 
128 to the shaft union 150 is formed by bonding and fusing the jacket 180 in 
place, facilitating the circulation of refrigerant fluids. 

A wire coil sheath 182 may be used to encase the pull wire 134, at 
least through a portion of its length. In one exemplary embodiment, coil 

20 sheath 182 may terminate at its distal end within the proximal side of sheath 
union 170, and may extend proximally towards handle 104. In one 
embodiment, coil sheath 182 may be made from tightly wound 0.006 in. wire, 
and may have an outer diameter of approximately 0.025 in. During activation 
or deflection of the tip 110, the wire coils of coil sheath 182 oppose the 

25 compression force due to the tension imparted on pull wire 134, and prevent 
the force from being transmitted to other structures of catheter 102. When a 
compressive force is applied, the coils of coil sheath 182 are packed together, 
and act as a rigid body to oppose the force. 

Embodiments of the cryosurgery device 100 may also include a main 

30 catheter shaft 190, which is formed from a long tubular element having an 
outer diameter greater than the diameter of the flexible jacket 180, and an 
inner diameter comparable to the outer diameter of shaft union 150. In one 

11 


embodiment, the shaft 190 is a composite structure able to transmit a torque 
to the tip 1 10 during manipulation of catheter 102. For example, the shaft 190 
may include a thin walled but relatively stiff inner tube of thermoplastic 
material with a metallic wire braid placed over the inner tube. A more flexible 
5 polymer coating may cover the metal braid. In one embodiment, the inner 
tube may have a thickness of approximately 0.0015 in. to 0.0020 in., the braid 
may be woven from 0.001 in. metal wire and the outer layer may have a 
thickness of approximately 0.01 in. to 0.015 in. The shaft 190 terminates at its 
distal end with the shaft union 150, and at its proximal end terminates near 
10 handle 104. 

In a different exemplary embodiment, the shaft 190 may be made of a 
thermoplastic extrusion with an embedded stainless steel braid. The material 
properties of the polymeric extrusion and the pitch and number of wires of the 
braid are selected to obtain the desired properties of the shaft 190. In one 

15 exemplary embodiment of the present invention, a gauge tube 200 extends 
through the shaft 190. Gauge tube 200 may be a small diameter tube used to 
monitor the pressure of the return refrigerant fluid from tip 110. For example, 
the gauge tube 200 may have an outer diameter of approximately 0.029 in. 
and an inner diameter of approximately 0.024 in. 

20 A sheath tube may also be employed about the wire coil sheath 182, 

having an inner diameter of, for example, approximately 0.024 in., thus 
allowing free movement of the wire coil sheath 182 within the tube. The 
length of the sheath and of the tube are selected so that, during catheter 
usage, the pressure at the distal end of the sheath tube is below atmospheric 

25 pressure. The sheath tube terminates for example within handle 104, where 
the pressure is atmospheric, and the length and dimensions of the sheath 
tube are such as to provide a high resistance pathway to fluid movement 
between catheter 102 and handle 104. According to this embodiment of the 
invention, the pull wire 134 and the sheath pass through the wire coil sheath 

30 182 so that there is little available space for fluid movement within wire coil 
sheath 182. Use of this exemplary embodiment permits the sheath and pull 
wire 134 to exit the interior of catheter 102, which is filled with refrigerant fluid, 
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without leaking taking place. This configuration is advantageous, because it 
relieves the need to hermetically seal handle 104. 

In the operation of the device 100 of the present invention, the catheter 
102 is inserted into the vasculature of a patient by means well known in the 
pertinent art. The catheter 102 is then advanced through the vasculature by 
manipulating the actuating lever 23 to bend the distal tip 110 of the catheter 
102 as needed. Specifically, during this manipulation, the distal tip 110 can 
be deflected to assume shapes between a first configuration (see Figure 5A) 
and a second configuration (see Figure 5B). More specifically, in its first 
configuration, the distal tip 110 and the main shaft 190 of the catheter 102 are 
substantially aligned along a common axis 202. On the other hand, in its 
second configuration, the distal tip 110 defines an axis 202* that is 
substantially parallel to the axis 202 of the main shaft 190. Thus, as will be 
appreciated by cross referencing Figure 5A with Figure 5B, the deflectable 
segment 107 can be bent by the actuating lever 23 to deflect the distal tip 1 10 
through an angular range that is approximately equal to 180°. 

In the preceding specification, the present invention has been 
described with reference to specific exemplary embodiments thereof. It will, 
however, be evident that various modifications and changes may be made 
thereto without departing from the broadest spirit and scope of the present 
invention as set forth in the claims that follow. The specification and drawings 
are accordingly to be regarded in an illustrative rather than restrictive sense. 
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